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ARP Background
M.jutonomous Research Project (ARP)

AFCS 3D spline-based
trajectory command

M R AOS HERMES FUSE: sling
PALACE ATO: vision- load pick-up and delivery

based SLAD, GPS-denied * 20 Ib, 5m sling *
OFN-2D Voronoi US/IS SLAD

Benchmarking
OFN-3D Quadtree

APEX w/NASA . .
OFN BM RiskMinOFN

4

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Change detection Forward-Flight
w/Stanford AECS
Auto takeoff

and landing DSMAC
w/Raytheon

RMAX delivery
to AFDD
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_—~ Introduction > N
=YL EMission Adaptive Autonomy (MAA)

Test Objective:

Evaluate MAA concept — enable pilots to
select the automation they need to meet
the mission demands.
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RASCAL Flight Control
Computer Assembly (RFCCA)

Flight Control
Computer(FCC)

Servo Control

Unit (SCU)

MIL-STD-1553B MuxBus

ARP Flight Control
Computer Assembly (AFCCA)

ARP Flight Control
Computer (AFCC)

ARP Experimental

Computer (AXC)

Onboard Ethernet

r————'l VPN Router |--|
I VPN :
1 |
1 SB400 4G-LTE | | |
: terminal | Cockpit
: l } : camera
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Research
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System Setup > -
qmonomous Flight Control System

EP stick switches

; @ EP stick lec’q)c’ [rc or 6(:]

Waypoints St
yp ..... > Path_ ..... > Inner Loop 5 EP Stick
. Generation .| Attitude aep
Mission Velocity! Waypoint Tracking Flight Path[—| Control >|JUH-60A
Manager/| T&OCTV: .| Vector || Control ['a™| Control E' Control Is : EGVINU/
Operator i |Command ¢ ‘ »| RadAlt
Interface : _I
Waypoints A A A
.......... ?’ OFN <
. | Signal [+ !
—%c?r?t_ﬂiu s e SLAD | Autonomous Flight Control Software Processing LADAR
---Discrete |

Mission Software
* Autonomous Flight Control Software

— Signal Processing: Filters and estimates states

— Inner Loop Attitude: ACAH response

— Flight Path Control: Aircraft oriented velocity command in hover and forward flight modes
— Tracking Control: Track inertial path with hover and forward flight modes

— Waypoint Control: Convert commanded trajectories into continuous steam for tracking

« Additive control at A
 Decouple to ACAH at B
* Driven by Mission Manager Software

— Path Generation: Fixed, pre-defined waypoint paths
— Vector Command: Velocity vector command
— OFN: Obstacle Field Navigation
— SLAD: Safe Landing Area Determination
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System Setup
@.qumlmlzmg Obstacle Field Nawgatlon

1. LADAR scans forward region Point FHelicopter Vector

. . . . Cloud Commands
2. Real-time continuous 3D risk map is LADAR | (EGVINU | | AFCS |-

constructed

Aircraft State

- Terrain (LADAR), threats, no-fly zones,
desired AGL, loss of aircraft y

- 3D Risk Naviaati Velocity
- 3D space classified as empty, full, or »| Terrain |—» M':p = Furation [~ Command
unknown using statistical error model Model Controller

3. Navigation function applied to array RiskMinOFN

- Distance transform

- 3D A* algorithm calculates a navigation
function; ~ 5 sec cycle

4. Velocity command generated at 5SHz

RiskMinOFN “always on”; updates the on-
the-fly; adaptive

- Destination, speed

HNBEC MFL

- Risk function parameters

- 3D array reSiZing 10 NH 6013
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= Y Multi-Layer Surface Map (MLSM)  C&WUki=l=

LZ Black Mountain

1. LADAR scans landing zone

2. Real-time continuous height map construction
- Scan registration for height/roll bias and time drift

J(h,d) = Z[( + t)DJ; |

i

- Height statistics accumulated using differential and
absolute error model

- Individual Kalman filter for each cell
3. Map evaluation
- Slope and roughness

- Edge and obstacle detection MLSM

- Landing zone classified safe/unsafe solution &
- Optimal landing points %

25

K

Possibly safe
Unsafe

I Absolute edge
Differential edge

I No data
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) 7 System Setup
M0 ) MAA Approach Sequence ¢AMRDEC

1. Scan landing zone during approach
2. Display MLSM solution

3. Automatically send landing point A to
navigation system*

4. Pilot can select alternate landing point
if desired

5. Iterate solution every 5 seconds

* First solution only — retain previous
landing point unless found to be invalid

Possibly safe
Unsafe
Absolute edge
Differential edge
» [ No data

@ Largest space
( 2-largest space
@® Closest to center
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Mo ) Multi-Layer Surface Map ¢AMRDEC

LZ Moffett NUQ Berm

B safe
Possibly safe
Unsafe
Absolute edge
Differential edge
I No data

@ Largest space
@ 2d-largest space
@® Closest to center
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LZ Isabel Valley

B safe
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Multi-Layer Surface Map
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B safe
Possibly safe
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ME D Multi-Layer Surface Map «AMRDEC

LZ San Felipe

B safe
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= Y Multi-Layer Surface Map ¢AMRDEC
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Set destination and
flight mode

P ey, )V LDG LT
4 RFCL ' EXT
"E’NGAGE J PUSH
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¥ X |
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PGP - ooy RETR E W=
HUD ‘ o 7 .
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‘ ¢ 4
.

‘ S OFF or

Change landing point

MAA Input

Push to couple/decouple
Set flight speed (coupled)
Stick trim (ACAH)
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Mol D) Enroute Guidance Symbology
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YEAEP: Experiment Overview

Leverage prior ADD autonomy work
Add MAA selectable features
Add display guidance

> .
«AMRDEC

Fly utility mission scenarios

Use filtered NVGs + mask to achieve
degraded visual environment (DVE)

Collect pilot opinion, performance
data, workload ratings

2
3=
4=
5=
6

Simulated DVE
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Experiment Overview
= Y Three Test Configurations ¢AMRDEC

Configurations
Baseline

Control ADS-33 Level 1 ACAH X

Primary flight display X

Set Flight Mode/Speed -
Change Landing Point -
Set Destination -

Display

Control Coupling
(autopilot)
Additive Control -
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Experiment Overview
= Y Three Test Configurations ¢AMRDEC

Configurations
Baseline Display-
Only MAA
Control ADS-33 Level 1 ACAH X X
Primary flight display X X
Display
MAA guidance X

Control Coupling
(autopilot)
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Experiment Overview
= Y Three Test Configurations ¢AMRDEC

Configurations
Baseline Display- Full MAA

Only MAA
Control ADS-33 Level 1 ACAH X X X
Primary flight display X X X
Display
MAA guidance X X
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Experiment Overview
Mission Scenarios

Depart Moffett NUQ to the east
Base radios mission description

Proceed to first destination
Base introduces secondary tasks

Multiple mission segments

Pick up troops, materials

SITREP

Site RECON

Time-on-station estimate
Radio relay

Copy popup threat coordinates
Workload ratings

Return to Moffett NUQ

> —
«AMRDEC

WARFIGHTER FOCUSED.



= V- Outline




)
«AMRDEC



Routes Flown

MO )

> .
«AMRDEC

\ l;' -_ " . =
.~ 40898 \ A

I/ Lz Sherman FIat "\__

for Class D ef s ™ ZRIMI PLARTS, | R\ K| M5OV AN &2 Pt o Sty
S 40 7 R\ \wsaiP ) 2o 1) Yresemion - o 2 |
o - = 3 / Springs P R
572 E \.p sl T 7 Calaveras Cove N 20
’ a“\:‘: e '-CUI';(I"IEr N "/ \\J )
ALTO (PAO)=— Y55 A — e 3 i ,"
G ATIS 13527501 & N 1

'

p— - I-l
2 B EMBASSY.SUITES, £ \
| .l\l 1 (VPEMB)" &

eq 122,20 e
L »
s q
HP-31 - F -
o —_y

e
~. !
I‘l‘
2 _
2 ® & tank
) —— '
.

= ¥ 1
G 1 g 'MILF‘ITAS ‘\

LZ NUQ Berm| AN

lt,-t,mHL,- Al
ON 134.5 OH 338.2

blimp = Agn

hangar - ! . .
~y { hospital [ i P S e o ey

| 3 .lv!‘\ll.-.--\:.-l... s LS

oy = w /.-‘q_‘ KS_2T, - 4 \ 6.9 -"\;f
ISUNNYVALE. 1 N ) ' 1 ;
A\ L — Baseline

| ‘i‘f" — Symbology
=Rl —MAA
”(( _'I"SANTA b fnd i

1 1 I
5

PRUNEYARD || o 7

y ' II."-" |Ir::H"l'l :' —
119:8: * @ 1261 *
= NA Mgc125.2 \

vergreen
. V)
{VPFHU) A /IJ \7’[0’7‘“"'\:-
_.7,_,.15 rmnr.nuunu; A 0&}5
l.-, ~ ¥ =

* 1000+ km flown during development & test
90 approaches at 7 locations

LickiObservatory (-

l_.
N
E
o8
(o gt
=@ £
5.
® -
< g

~ ¥y 4

L"“LZ San Fellpe VaIIey B ' a J '!'

« 3 Army XPs (data) + Army XP + Air National Guard pilot

WARFIGHTER FOCUSED.



e > -
YOI Feature Desirability ¢AMRDEC

Not helpful Indispensible
1 2 3 4 5
Decouple/couple ABC

Change landing point BC A

Set destination AR C
Longitudinal additive input A C B
Set flight mode C B A
Set speed B C A

Lateral additive input BC A
mean

*ABC = post-experiment ratings given by three pilots
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YW= Display/Guidance Results

Input

* Destination/flight mode input easy

* Pilots suggested a freeform destination input
Enroute Guidance

* SPI and blue diamond significantly enhanced
predictability and trust

* Manually piloting Display-Only possible but high
workload; implied more precision than really
required

» Speed guidance for Display-Only should
distinguish between too slow and too fast — too
fast is a safety concern

Landing Guidance

* Pilots suggested MLSM results in forward
window

* Pilots suggested preselected criteria for LPs to
reduce workload on approach
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@E Performance Results (XMRDEE
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= U - Enroute Altitude
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ME D Piloted vs. Auto CAMRDEC

Display-Only MAA Full MAA
(pilot following guidance) (coupled AFCS)
L 2
E E
< 40 —
k' @
8 o
2 o
& 30 8
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5 3
20 (0]
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=) =)
s J
g g
3 E
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150
. 10F —-—- Commanded (OFN) _10r R
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) S —
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7 7
= 3
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) Workload > -
=9 EI'hstantaneous Self-Assessment (ISA)

ISA Workload Spare Capacity
5 Excessive None
4 High Very Little
3 Comfortable Some
2 Relaxed Ample
1 Underutilized Very much

Pro — correlates well with post-test assessment; e.g. TLX*

Con - assigning ISA adds workload; acceptable since we
we wanted secondary tasks

*Tattersall, A. J., and Foord, P. S., “An experimental evaluation of instantaneous self- assessment as a
measure of workload,” Ergonomics, 39(5), 740-748, 1996.

WARFIGHTER FOCUSED.



o~ Workload > .
=9 EI'hstantaneous Self-Assessment (ISA)

Excessive 5 — O Enroute
@ Approach
ISA 4 [ 95% ci
Comfortable 3 — % }
2 —
Underutilized 1L | | I | I |

Baseline Display-Only Full MAA
MAA
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Crew Assistance

5 —
More help O Enroute
4 — @ Approach
¢ ] 95% clI
Crew 3
assistance
per minute 2 %
1 L
Less help
o | | | | |
Baseline Display-Only Full MAA
MAA
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Crew Assistance

5 —
More help
4 -
O
Crew 3
assistance
per minute 2 %
1= ®
Less help é
oL I | I i | L N
Baseline Display-Only Full MAA

MAA
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Crew Assistance

5 —
More help
4 -
O
Crew 3
assistance
per minute 2 %
1= ®
Less help é 5 §
o | | | L |
Baseline Display-Only Full MAA

MAA
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Crew Assistance

5 —
More help O
4 O
» o
Crew 3 o \)0
assistance "5"‘ 06
per minute 2 T ,lf
; N
1 . o
Less help é
ol 1 | Il | L& ¢,
Baseline Display-Only Full MAA
MAA
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Conclusions ¢AMRDEC

 MAA system integrated and flown on RASCAL JUH-60A
« MAA decreased workload thus increasing spare capacity
 MAA feature utility varied:
» Good: Decouple/couple, Change landing point
« Fair: Set destination, Longitudinal additive, Set flight mode/speed
* Needs work: Lateral additive
« Display-Only guidance usable but overly precise

« Display lead cues critical for increasing trust
 Landing point iteration strategy requires careful attention

« Strong crew workload effect:
» 3x reduction with Display-Only MAA
* 6x/ 11x reduction with Full MAA
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AMRDEC Web Site
www.amrdec.army.mil

Facebook
www.facebook.com/rdecom.amrdec

YouTube
www.youtube.com/user/AMRDEC

Twitter
@usarmyamrdec

Public Affairs
AMRDEC-PAO@amrdec.army.mil
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